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ABSTRACT

-drMSTRIP has undergone a succession of improvements

since its original publication in 1968. Perfor-

mance of the 1974 and later versions relating to

aspects including weakly coupled (<-30 dB)pairs,

low shield heights (closer than substrate thick-

ness), and extremely low-impedance lines will be

discussed. k FORTRAN list of the 1978 version is

&ppended.-
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MSTRIP2: PARAMETERS OF MICROSIRIP TRANSMISSION

LINES AND OF COUPLED PAIkS OF LINES -

1978 VERSION AND ITS APPLICATION

I. INTRODUCTION

The "quasi-r.if' numerical analysis of the normal modes of propagation on

coupled pairs of tuicrostrip transmission lines named USTRIP, published1 by

T.G. Bryant and J.A. Weiss in 1968, incorporated a Green's-function represen-

tatio.n of "bound chiarge" at the upper surface of the dielectric substrate.
For a wide range of applications, generally those in which the cross-

sectional dimensions are small enough relative to wavelength, the accuracy of

this method is very good; in fact, results of MSTRIP have been widely cited

over the years as a standard for assessment of the accuracy of other micro-

strip algorithms. MSTRIP has been used, apparently without modification, in
42commercially available lineer circuit analysis packages. 2

The principal approximations (other than the usual substitution of dis-

crete in place of certain continuous variables) are (a) the quasi-TEM assump-

tion, whereby the results of the analysis are all based on the determination

of st3tic capacitance, and (b) the assumption of zero thickness and perfect

conductivity of the conductors. Numerous papers have appeared in which this

basic analysis has been adopted as the starting point for determination of

F the influences of dispersive effects and of finite conductivity and thickness

of the strips.

The program has had some revisions for improved speed, accuracy, and

range of applicability during the years since its original publication. We

present this report in order to bring to the attention of microstrip circuit

r users the current version of MSTRIP and its capabilities and to address some

v questions which have arisen in relation to recent application requirements.

In 1970 and 1971, an improved program was formulated 3 , in which the

tabulated dielectric Green's function was replaced by a Fourier-integral

evaluation. This change resulted in a very substantial improvement in speed
and simplicity, better accuracy, and removal of the limitations on the range

IT



of. substrate dielectric constant values. It also introduced the option of

including the influence of a shield, or upper ground plane, above the circuit

surface. The geometry of the shielded, coupled pair of micy-ostrip lines is

illustrated in Fig.l. A detailed review of methods and results, with a

FORTRAN list of the version of the program then current, was publishedS in

1974. Following some improvements made in 1978, the program' name was

modified to MSTRIP2. The FORTrZAN source of this program is shown in the

Appendix.

In more recent times, users have brought up qu~estions relating to the

applicability and accuracy of MSTRIP for specific application requirements.L ~ Examples: the questions 6f upper limits on substrate dielectric constant and
v on strip 'Aidths; usability of the program for shielded iuicrostrip with the

ii~ -ECMWNARY
STRIPS

DIELECTRIC SUBSTRATMfe1atv.0.mitIffitvIK)

LOWER GROUND P-LANE

Fig.l. Shielded-aicrostrip structure.
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shield very close cc the substrate surface (H2 /Hj <'2); the accuracy of the

program in cases of very weakly coupled pairs of lines, for which the differ-

ences between the two normal-mode characteristic impedances and velocities,

which determine the backward- and forward-wave coupling coefficients, are

very small.

Applications of these uiusual microstrip structures have arisen in vari-

ous contexts. For example, low-impedance (hence wide-line) transmission

lines are needed to match the low impedance of Josephson-junction logic
elements in superconducting computers. 6 Low shield heights can be used to

correct the even- and odd-mode velocity differences of coupled lines on

anisotropic dielectrics such as sapphire. 7  Weakly coupled pairs of lines are

used as directional couplers in large time-bandwidth dispersive filters. 8

"In the following sections, information is presented relating to such

structures and to some tests of accuracy of the program which their consider-

ation provides.

II. SUBSTRATE DIELECTRIC CONSTANT

Nothing in MSTRIP2 imposes a limit on the substrate dielectric constant

K K. The program has served successfully with K values from 1 to 6000 (in

J fact, vulues of K less than unity have been used in order to represent an

S•-inverted structure - see Sec.1I).

j : III. APPLICATION TO CASES OF A CLOSELY SPACED SHIELD

For values of H2 /H1 less than 2 (see Fig.1), the gap between the shield

and circuit surface is smalier than the substrate thickness. In such cases,

MSTRIP2 loses accuracy. For example, with H2 /H1 = 1.25, S/Hi = 3.5, W/H=

0.50, and K - 9.6 (alumina), MSTRIP2 gives the physically unreasonable result

that Z < Z
oe 00

P1
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TABLE I

TRANSFORMATION FROH STANDARD TO INVERTED COMPUTATION
IN THE CASE OF A CLOSELY SPACED SHIELD*

Unprimed: Parameters of interest as used in the standard
computation (Fig. 1).

Primed: Input/output parameters to be used to analyze the
sme structure by inverted computation.

R H2

"MSTRIP Input: HI - HI OHL. RI

R R-a

RR 1 1

To interpret MSTRIP output, transform tabulated values as follows.
"r l (Primed variables are output of the inverted computation, unprimed

variables are those of the actual structure of interest.)

Ii

C CIK V

*See Sec.III.
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This deficiency may be circumvented b-" inverting the problem, placingI
the gap (K = 1) on the bottom, and the substrate (K > 1) above, so that

H2/Hj > 2. Because MSTRIP incorporates the assumption that the gap has a

dielectric constant of unity, the input and output parameters must be trans-

I I formed according to the system shown in Table I.

Using this procedure as a check, it may be verified that MSTRIP2 is

accurate to H2/HI values less than 1.5. For example, for a 50-a pair of
r[ coupled lines on sapphire with H2 /1 1 = 1.5, S/H 1 = 3.5, the two methods agree

2H 1

A to within 0.01 percent in impedances and 0.02 percent in velocities. The two

agree to within 0.04 dB in backward coupling, even though it is a weak -64 dB.

With the shielding height reduced to H2 /Hj - 1.25, the discrepancy in imped-

ance between the standard computation and the inverted structure increases to

0.3 percent, unacceptable for the calculation of coupling in this weakly

coupled structure.

SIV. COMPARISON WITH ANALYTIC CALCULATION

In the special case H2 /Hj 2, the quasi-static electric field in the

shielded (coupled) microstrip structure with zero conductor thickness may be

shown to be synmetric about the dielectric/air interface. Consequently, the

- quasi-static characteristics of the microstrip (MS) are identical to those of

Sa balanced stripline (SL) structure of the same dimensions filled with a
Smaterial of dielectric constant KSL = (1/2) (KMS + 1).

This equivalency provides a convenient check on shielded microstrip

calculations, as analytical expressions for coupled striplines are well

known. In Table II are shown the results of calculations for several values

of S/H1 and W/Hj, using MSTRIP and MSTRIP2 for shielded microstrip (KMe 9.6)

- SLand an analytic approximation for the stripline (K 5.3). A transcenden-

tal approximation valid to 8 parts in 106 compared to the exact elliptic

Sintegral expression for stripline impedances was used, given as Eqs.6.3.1,

[ 6.3.2, 3.2.7, and 3.2.8 in the book by Gunston. 9 Both MS-RIP and MSTRIP2

ELI
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TABLE 11

IMPEDANCE, COUPLING, AND EFFECTIVE DIELECTRIC CONSTANT VALUES
CALCULATED BY MSTRIP, ?4STRIP2, AND) BALANCED STRIPLINE METHODS, H2/Hj 2;

K - 9.6 FOR HLCROSTRIP, 5.3 FOR STRIPLINE

z Ze(a zo 00i -k B (dB)

Strip- Strip- strip- (K eff) even

S/Hi WIHj HSTRIP MSTRIP2 line HSTRIP MSTRIP2 line MSTRIP MSTREP2 line (MSTRIP)

0.5 0.3 90.29 89.82 89.36 58.26 58.26 51.77 13.3 13.4 13.4 5.346I0.8 57.72 57.25 56.94 A9.60 40.60 40.07 15.2 15.4 15.2 5.372

1.3 42.94 42.46 42.12 32.43 32.43 31.90 17.1 17.5 17.2 5.397

1.0 0.3 81.75 81.27 80.81 67.29 67.29 66.81 20.3 20.5 20.5 5.351
a%

0.8 53.55 53.07 52.65 45.63 45.63 45.16 22.0 22.5 22.3 5.378

1.3 40.55 40.07 39.70 35.60 35.60 35.16 23.7 24.6 24.3 5.403

2.0 0.3 76.25 75.77 75.31 72.88 72.89 72.42 32.9 34.21 34.2 5.354

0.8 50.69 50.22 49.78 48.68 48.68 48.23 33.9 36.2 36.0 5.382

1.3 38.87 38.39 38.00 37.47 37.47 37.06 34.7-- 38.3 38.1 5.407

4.0 0.3 74.87 74.39 73.93 74.27 74.27 73.80 47.9 61.5 61.5 5.355

0.8 49.96 49.48 49.05 49.42 49.42 48.98 45.2 63.5 63.3 5.3F3

1.3 38.43 37.95 37.55 37.91 37.91 37.51 43.4 65.6 65.3 5.408

10,0 0.3 74.81 74.33 73.87 74.33 74.33 73.87 49.9 >100 >100 5.355

0.8 49.93 49.45 49.01 49.45 49.45 49.01 46.4 >100 >100 5.383

1.3 38.41 37.93 37.53 37.93 37.93 37.53 44.1- >100 >100 5.408

-- -



were run with M = 20 substrins per strip. In addition to the even- and odd-

mode impedances, the backward-wave coupling strength for a quarter-wave

length of line is shown, given by the expression

z -z
oe oo

B %(dB) 20 lOglo Z + z
oe 00

The even-mode effective dielectric constant given by MSTRIP is also shown.

The odd-mode constant given by MSTRIP and both mode constants given by

MSTRIP2 exhibit the proper value of 5.3.

It is evident that both versions of MSTRIP give reliable impedance and

backward coupling values for k in the range of stronger coupling (S/H 1 4 I,
B

k > -25 dW). Impedances are within 1 f9 of the stripline values and coupling
B

strengths are within 1 dB. In the -30- to -40-dE range (s/H1 ~ 2) MSTRIP2

retains its accuracy in coupling atrength, while errors of more than 3 dB

appear in MSTRIP. For S/91 > 2, MSTRIP rapidly loses accuracy, never pre-

dicting coupling weaker than -50 dB. MSTRIP2 remains within a few tenths of

one decibel of the stripline value.

It is noteworthy that, over the whole range of S/H 1 and W/H1 tested, the

odd-mode impedances given by MSTRIP and MSTRIP2 are identical and exceed the

stripline values by 0.4 to 0.5 fQ. MSTRIP2 gives Z values which are simi-
oe

larly 0.4 to 0.5 0 higher than stripline values, while MSTRIP gives Z
oe

values about 1 fi too -high. Thus, even- and odd-mode impedance errors given

by MSTRIP2 track each other, giving accurate coupling values, while a roughly
0.5-fl difference exists between the MSTRIP even- and odd-mode impedance
errors, resulting in large errors in coupling strength for weakly coupled

lines.

There is also a significant error in th'a even-mode effective dielectric

constant given by MSTRIP. This error is povitive, oprosite in sign to that

expected on the basis of the Z error. The error results in a predicted
oe

even-mode phase velocity less than that of the odd mode. On this basis, a

for-ward coupling strength of -40 to -50 dB over a 90" line segment would be

predicted for all lines considered in Table I. 2

7
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MSTRIP is adequate for design of couplers tighter than -25 dB, although

it may give inaccurate values of directivity. For calculation of cross talk

between closely spaced lines in applications such as MICs where space is at a

premium, the current, more accurate version, MSTRIP2, is needed.

V. APPLICATION TO EXTREMELY LOW-IMPEDANCE LINES

In 1980 an MSTRIP user, J.C. Cozzie, pointed out 1 0 a flaw which he had

discovered when he attempted to determine microstrip parameters for extremely

low-impedance lines: Z < 3 91, which requires strip widths of W/HI > 70 in

the case K - 2.45 which was of interest to him. Cozzie located the flaw in

the subroutine MGREEN, recognized it as a consequence of an approximation

embedded in the integration procedure, and described how he eliminated it

with changes including the substitution of a Gaussian quadrature procedure.

(Cozzie was working with the 1971 or 1974 version of MSTRIP. By coincidence
we had also converted MGREEN to Gaussian quadrature integration, calling IBM

Scientific Subroutine DQG32, in the 1978 version.)

At Cozzie's instigation, we modified certain details of MGREEN to remove

the flaw. At the time, we had the following further thoughts regardins very

wide strips. First: if the scale of dimensions is such that the width be-

comes comparable to a half-wavelength (in a medium of dielectric qonstant

Keff as evaluated by MSTRIP2) in the frequency range of interest, then

spurious propagation effects and coupling problems are to be expected. In

that case, it would probably be advisable to seek some alternative means to

obtain the circuit function contemplated. Second: for widths of W/Hi > 20

or so, very accurate results can be obtained by decomposing the strip capaci-

tance into the sum of W/Hl times a parallel-plate part per unit increment of

W/Hl plus an edge contribution. .Once suitable limiting values of those two

capacitance parameters have been determined by a few trials, the microstrip

parameters for all cases of wider strips with the same substrate K value can

be quickly determined. Cozzie noted this suggestion and briefly presented

his version of it in his paper.10

8
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APPENDIX

C MST00020
C -MSTRIP2- MST00030
C MST00040
C PARAMETERS OF MICROSTRIP TRANSMISSION LINES AND MST00050
C OP COUPLED PAIRS OF MICROSTRIP LINES MST00060
C MBT00070
C IMPROVED -- VERSION O AUG. 1 , 1978 MSTOO080

C MSTOO90

C REFERENCES - 1. T.G. BRYANT AND T.A. WEISS, IEEE TRANS MTT-16 1021 MST0010C
C (DBCEMBER 1968). MBTOOIl0
C 2. .. A. WEISS AND T.G. BRYANT, ELECTRONICS LETTERS MST00120
C VOL. 5 P. 517 (OCTOBER 16, 1969). MSTC1130
C 3. J.A. WEISS AND T.G. BRYANT, ELECTRONICS L.TnTERS I)00140
C VOL. 6 P. 462 (JULY 23, 1970)s SER ALSO ERRATOM, 14*TO01s0

C LBCUGRONICS LETTERS VOL. 6 P. 560 (AUGUST 20,1970). IMT00160
C 4. T.l. EVRYANT AND J.A. WEISS, IEEE TRANS MTT-19 418 MOT60170
C (APRIL, 1971). MSTOO180
C 5. J.A. WElqS, ADVANCES IN MICRUWAVES, VOL. 8, MSTOO190
C PP. 295-320; ACAD34IC PRESS, 1974. XST00200
C MSTO)0210
C FOR MICROSTRIP CCMPRISING - A DIELECTRIC SUBS'TATE OF RELATIVE MST00220
C v)IELECTRIC PERMITTIVITY K AND TH.ZCKEESS Hi LYING ON A CONDUCTING NST00230
C GRCUND PLANE; A SINGLE STRZP OF rIDTH W OR TWO PARALLEL MTtIPS O MST00240

C EQUAL WIDTH W WITH INNER EDGES DISTANCR S APART, LYING O, THI UPPER MST00250
C SURFACE O THE SUB&TRATZ; THICKNESS OF THE STRIP MKTERIAL ASSUMED M6T00260
C TO BE NBGLIGIBLE AN UPPER GROUND PLANE OTCATED PARALLEL TO AND MST00270

C DISTANCE H2 ABOVE THE LOWER GROUND PLANE (OPTIONAL). MT00280
C M-T00290
C THE PROGRAM COMPUTES THE FOLLOWING TRANSMISSION-LINE PARAMETERS M)T00300

C FOR A SINGLE STRIP OR FOR BOTH THE EVEN AND ODD VODES O A COUPLED MST00310
C PAIP O STRIPS - MST00320
C M6T00330

C CHARACTERISTIC IMPEDANCE; MST00340
C PHASE VELOCITY; KST00350
C EPFECTIVE DIELECTRIC CONSTANT K-IPF; MST00360
C CAPACITANCE PER UNIT LENGTH PER STRIP (OPTIONAL). MST00370

{ C M)T00380
C THE CALCULATION umbODIEs THE QUaSI-STATIC APPROxImmTIOm. aS HST00490
C EXPLAINED IN REFERENCE 1; THE APP2OXIMATION IS ACCURATN PROVIDREhK Mw2n4OC
C HI IS NO GREATER THAN A FEW PDRCUNT OF THE WAVELENGM H IN -A UN- MST004i.O
C BOUNDED MEDIUM OP PERMITTIVITY K. M.-TOU470

C M(iT00430
C THE PROGRAM ACCEPTS ANY VALUE O K, S/HI, AND W/Hl. HbT00440
C MWT00450
C INPUT AND OUTPUT MEDIA ARE IDENTIPIED IN WHE PROGRAM BY TIM MST0046')
C FULLOWIN3 NAMES - INPUT (USUALLY A CARD READER), IV; CUT7UT (USU- MST00470
C ALLY A LINN PRINTER), IW. MST00480
C MST00490



C INPUT DATA - THE INPUT DATA CARD IS WRITTEN IN NAMELIST FORMAT MST00500

C AND CONTAINS SIX DECIMAL NUMBERS AND ONE INTEGER NUMBER, ALL MST00510

C SEPARATED BY COMMAS, AS IN THE FOLLOWING IVXANPLE. MST00520

C MST00530

C SCONST WMH10.i,DELW-,.2,NT,20,PýaO.O,DIEK,9.6,SHi,0.4,A!R-i.0, &END MST00540
C MST00550
C THIS CARD SPECIFIES THE VALUES OF PROGRAM VARIABLES HAVING THE POL- MST00560
C LOWING NAMES - K46T00570

C MST00580
C WHi.DELWNT,R. DIERK,SHi,AIR MST00590

C MST00600

C WHi IS THE STARTIN3 VALUE OF W/Hi; DELW IS THE INCREMENT OF W/Hi; MST00610
C NT IS THE NUMBER OF LINES IN THE OUTPUT TABLE (EOUAL TO THE NUN- MST00620

C BSR Ot VALUES O W/Hi); R IS THE GROUND PLANE RATIO H2/HI (FOR THE MST00630

C OPTION OF NO UPPER GROUND PLANE, 3ET R - 0.0)) DIEK IS THE RELA- MST00640
C TIVE DIELECTRIC PRuRMTTIVITY K OF THE SUBSTRATEj SHi IS THE VALUE MST00650
C OF S/HI; AIR TAKES ONE OF THE TWO VALUES 0.0 (SINGLE STRIP) OR MST00660
C 1.0 (COUPLED STRIPS). THUS IN THE ECAMPLE THE OUTPUT TABLE WILL RE- HST00670
C PER TO THE EVEN AND ODD MODES OF COUPLED STRIPS WITH SPACING S/Hi MST00680

C - 0.4 ON SUBSTRATE 0 PERMITTIVITY K - 9.6, NO UPPER GRtOUND PLANE, MST00690

C AND WILL LIST 20 LINES, FROM W/HI - 0.I THROUGH W/Hi - 2.0 IN MST00700

C STEPS OF 0.2. MST00710
C MST00720

C OUTPUT - THE OUTPUT PORMAT IS ILLUSTRATED IN THE FOLLOWIUIG MST00730

C TABLE SHOWING THE .IRST LINE OF OUTPUT DATA FOR THE ABOVE EXAMPLE. 1ST00740
C MsT007ls0

C MST00760
C H21HI 0.0 K 9.60 COUPLED STRIPS SIN1 0.4 MST00770

C MST00780
C MOT00790

C W/H 0 ZO(E) ZO(O) V(E) V(O) K-El0(E) K-RFl(O) Ms4T00600

C 0H4S E+08 M/SEC MST00610
c MST00820
C 0.i00 141.210 77.250 1.214 1.299 6.102 5.328 MST00830

C MST00840
C sT400650

SC SUBROUTINES REQUIRED - THE PROGRAM CALLS THREE SUBROUTINES 01- 14ST00860
C TAINED FROM THE IBM SCIENTIFIC SUBROUTINE PACKAGE (SSP). THEY ARE MST00870
C DGELS, SICI, AND DOG32. FOR DESCRXPTIONS AND LISTS Or THESE PROGRAMS MST00860

C SEE THE IWE SSP MALNUAL. IT ADDITION, THE PROGRAM INCLUDES FIVE SUB- MST00890

C ROUTINES OF ITS OWN - OUTPUTý XGEV, AMAT, MPHI, AND MREEN AND ONE MST00900

C FUNCTION bUBPROGRAM - GINT. NOTE ON THE IMPROVDIEUT DATED AUG. i, MST00910

C 197•t THE IUVEGRATION SUBROUTINE DOG32 (32-POINT GAUSSIAN QUAD- M14800920

C RATURE METIHOD) R2PL&CES -.. SUBROUTINE DOSF(SIMPSON'S ROLE) , MST00930

C RESULTIP3 IN ACCURACY SUBSTANTIALLY BETTER THAR G,,C P-ERCENT IN ALL MST00940

C CASES TESTED. REVISIONS AND TESTS PERFORMED BY R. C. LEWIlS. MSTO0950

C MST00960
C NOUS ON DIMENSION REQOIRSMENTS - FOR TH1 DETERMIU•IPTION OF MST00970

C ClHARlH DYSTRIBUTION EACH STRIP IS DIVIDED INTO M SUBSTRIPS. N1 MST00980

C THE PRESENT PROGRAM M - 20, BUT THE PARAMETER M CAN BE INCREASED MST00990
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C FOR IMPROVED ACCURACY OR REDUCED FOR IMPROVED SPEED OF E1,'ZCU- MST01000

C TION. THE DIMEVSIONS OF THE VARIABLES DEPEND ON T'HE VALUE OF M MST01010

C AS FOLLOWS - MSTOIO20

C MST01030

C V(M),AUX(M-1),X(3M-1),PHI(3M-1),A(M(M+1)/2),B(M(Mt4l)/2) MST01040

C MST01050

C MST01070

IMPLICIT RRAL'8 (A-H,O-Z) MsTO1o8o

DIMENSIOIN V(20) ,AtJX(19) .00(2) MST01090

COt44ON/DIM/'-(59) ,PHI (59) ,A(210) .3(216i) MST01100

NA3ZLIST/CONST/WH1,DRLW,NT,R,DIE1K.SH1,AtR MST01110
DATA GO/'Y','N'/ MS5T01120

'ILL T124S (DATN.TIME) NST01130

IV.-5 !46T01140

110-1 MST01150

M-20 MSM1170

NP4RITRUW,1O4) MTUI?0118

801 D0 901 NREP-i,25 ?MSToi.190
EPS-1. 63-07 MST01200

IF(KREP .90. 1) GO TO 91. MT01210
92 WRITE(6,i02) MSTOi220

READ(IV,103) GOYN MST0i230

IF(GOYN .90. 00(1) GO TO 91 ?4ST01240

I1(GOYN .N3. 00(1) AhND. GOYN N83. 00(2)) GO TO 92 MST01250

GO TO 999 NOT01260

91 WRITR(6,101) NST01270

RUAB(IV,CONST) ?4=01280

IP(AIfl) 38,7,8 MSW01290
7 URITB(IV.105) R,DIZK mtic

WRITE(IW,106) NBT0i310

GO TO 802 )UT01320

a WRITI(IW,i07) R,DIBK,SHi MT01~330

WRITS(rW,10$) NOT01340

802 DO 902 K-1,VT 14ST01350

A1C-3 NST01360

WH-llHi+ (A)K- 1. 0) *DZI.W 34T01370

CALL XG29(M,uH,SHi) NST01380
Ng-kIR+l )46TO1390

ADIRK-DIRK NW0T1400

803 DO 90.3 XJ-1,2 PsT01410

IF(IJ.90.i) DISKi1.0 "12

I1(IJ.20.2) DIRK-ADIRU )4T01430
IF(R.EO.0.0.AND.DINK.2Q.i.0) G0 TO 39 M4ST01440

CALL MRimi (U,WH ,SH1 ,DIZK ,R) MST01450

GO TO 804 MST01460

39 CALL MP~l(WH,,4ok7E) MST01470

804 DO 903 33-1,Ng MST01480

CALL AMTA.)MST01490

DO 23 1-1,M MST01500
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F23 V(I)=1.O MST01510
IF(J3 .EQ. 1) CALL DGELS(V,AM,N.EPSIER,AUX) MST01520
IF(JJ .EO. 2) CALL DGELS(V,B,M.N,EPS,IER,AUX) MST01530

IF(IER.NE.O) WRITE(IW,111) IER,EPS MST01540
112. FORMAT(' ISR- ',13.', IN SUBROUTINE DUELS, SO THE CHARGE DENSITY MPT01550

2 COULD NOT BE CALCULATED TO THE PRECISION OP ',E13.6,' DIGITS') MST01561

CAPSUM-O *0 MST01570

DO 21 1-1,M MSTO1.580

21 CAPSU14-CAPSUM.V(I) MST01590

CC-CAPSUM*1l1.256 MST01600
I1(JJ .E0. . .AND. 13 .E0. 1) CAP1E-CC MST01610

I1(JJ .90. 1 .AND. 13 .80. 2) CAPKE-CC 14ST01620
It'(JJ .EQ. 2 ANID, Ii .EQ. 1) CAP10-C MST01630
I1(33 .30. 2 .AND. 13 .EQ. 2) CAPKO-CC MST01640

903 CONTINUE M4ST01650

CALL OUTPUT (CAPlI *CAPKE, CAPlO ICAPRO ,NH, rN,NN) M0s01660
902 CONTINUE MgTOL670

WRITE(IW,110) DATE.TIME M5T01680

WRITS(rW,199) )45T016 90
GO TO 901 14ST01700

38 WRITE(6,109) M-EM01710

101 PORMAT(/,3X.'CONSTx WH1,DELN,NT,R,DI8K,SH1,AIR 7',/) MST01720

102 FORMAT(/,3X,*CONTINUE? ("Y~ES"' OR ''NO'')',) NBT01730

103 PORMAT(A1) NST01740
104 FORMAT('1',//,5X,'J.A. WEISS, ', NSTO.. ?S2

2 'ADVANCES IN MICROWAVES, VOL. 8,',/71,'PP. 295-320s '. MT01760

3 'ACADEMIC PRESS. 1974.',//,1OX,'PARAM4TERs OF MIC;ROSTRIP '. MST01770

4 'TRANSMISSION LINES',/,12X,,'AND 01 COUPLID PAIRS 0F ', NT01780
5 'MICROSTRIP LIWFSS') 14fl01790

105 PORMAT(//,11X,'H2/H1 - ',16.3,5X,'K - '.16.3,4X,'3INGLN STRIP') mSTO18O(
106 PORMAT(/,1OX,'V/H1'.12X,'ZO'.14X,'V',121,'K-t1P',11X,'C',/, l.WT01610

2 2.OX,15X,'OHMS',8X,'8.OS 14/SZC ,23X,'PF/Xl./) HB?0182'0
107 FORMAT(//3X,'H2/H1 - ',16.3t4X,'K - #,16.3,4X,'COUPLZD STRTPS', ).sT018zl

2 5X,'S/H1 - ',P5.2) NST01840

2 'K-E11(B" K-E11(O)',4X,'C(U)'.5X,'C(O)'./18X.'01145',12X, MST01865'

3 '3+08 t4/SEC',30X-,'PF/?4',I) IT17
109 FORMAT(//,' AIR SHOULD BE 0.0 OR *1.0'.//) 145T0188
110 FORMAT(//,5X,2(A8,2X)./) M6T01890

199 10534AT(// MST01900

901 CONTINUE MST01910

999 CONTINUE 345T01920

C CALL EXIT NST01930

C MST01970

SUBROUTINE OUTPUT (CAPlE *CP&PKE CAPlO ,CAPKO,WH, IW,NN) NST01980

IMPLICIT REAL'S (A-H,O-Z't MST02000

DATA C/2.99792458/ K4 ST02010



5FFKE-CAPKH/CAPlR MST02020
tRS(=DSQRT (EFFKE) M4ST02030

ZOE-1.0E.04/ (C*CAPlE*RKE) ?4ST02040
VELE=(1.0/RKE)tC ?46T02050

IF(NN. 30. 1) WRITS(IW,101) WH,ZOB,VELE,EFFKE,tCAPKE ,AST02060

IP(NN .EQ. 1.) GO TO 3 Wr.T02070

EPFKO-CAPIKO/CAP10 M4ST02080

RKO-DSORT (EPPRO) 34ST02090

ZOO-1.03.04/ (C*CAP1O'PEO) M46'T02100
VNLO-(1.0/aKO)*C M45T02110

WRlTB(lW,l03) 331, ZOBZOO,VBLB,VNLO,BPPKB,EFPXO,CAPRN,CAPKO MST02120

101 FORMAT(5(5X,P10.3)) MST02130
102 FORMAT(2X,P6.3,4A,P7.3,lX,F7.3,4X,96.3,2X,F6.3,5X,P6.3,2X,F6.3) 14ST02140
103 FORMAT(2X,96.3,4X,P7.3,lX,P7.3,4X,F6.J,22.,F6.3,5X,P6.3,21,F6.3, M4ST02150

2 4X,FS.3,lX,rS.3) 148T02160

3 REBTURN M46T02170

END M.UT02180
C MOT~02190

C Mff02200

StUhROUTIU1R XGIN (M,WHSI(1) MET02210

C MB3T02220
IMPLICIT REAIA8(A-H,0-Z) ?4BT02230
COt44ON/DIM/X(5ý) ,PHI(59) ,A(210) ,3(210) MST02240

Ak M4 MgT012250
WHM-M/AM ST02260

801 Do 901 I..1,M 146T02270

901 X (1) -(Al-1. 0) *WHa 146T02290
IF(SH1 .90. 0.0) GO TO 1 1T0'2300

144-2*M-1 MST02310
802 Do 902 1-1,364 I'T02320

AZ-I MT402330

902 X(I+M)-AI'3NM+sH1 MET92340

1 RETURN NAM0 235 0
BUD M1'?02360

C N~OT2370
C 14ST02380

SUBROUTINE AM&T (S ,M) NST02390

IMCT3 B ' ( MgT02400
IMPLCIT Z!Jk*8(AHO-) M4T02410

83COf44O/Dfl4/X(S9) ,PHI(59) ,A(210) ,B(210) MST02420
83DO 903 I-1,M S023

IUDBX1-t4+1-I MST02440

C04 1D0 904 J-l,IUD3X1 MgT02450

805 Do 905 X-1,J MST0;470

905 NP1-NP1+K 14ST02480

NF2-0 ST02490
IP(I .LH. 2) GO TO 10 M45T02500
INDMX2-1-2 M4STC2510

806 DO 906 L-1,1NDRX2 M4ST02520

906 31P2-31P2+L M4ST02530
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10 N-.NF1*+4F2+(I-1)*J MST02540
INDEX3-3*M.2' (-J)--I MST02550
A(N)=PHI (I) 4S*PHI (INDEX3) MST02560
B(N)-PHI(I)--SPHI(INDEX3) MST02570

904 CONTINUE MST02580
903 CONTINUE MST02590

RETURN MSET02600

BND MST02610

c MST02620

c MST02630

SUBROUTINE MPHI (WH,M,S) MST02640

C MST02650

IMPLICIT REtAL*8 (A-H,O-Z) MST02660

CO!'t4ON/DIM/X(59j ,PIII(59) ,A(210) ,B(210) MST 2 6 70

AHMt4 14ST02680

INDMX1-3*M-l MST02690

!P(S .B0. 0.0) InDEX1-M MST02700

EXNON-Wel/(2.OAM4) MSMO2710j 1E!ON1f0.OiD 00 NST02720
807 DO 907 K-1,INDUX1 MG-T02730

XO-X (K) MST02740
4EXP-XO+EXWON MST02750

EXN-XO-BXWON MGTO2760

NYP=2 0* WYWON MET02770
PHI (R)-(MOT/ (2. 0*M(WON)) *DLOG((KLE**2)/(MO**2*WYP**2))- (MCP MST02780

2 /(2.0'*EXWON) ) *DLOG( M(3P*2) / (M31P"2+WU**2) ) + CWYP/3xWOW) MST02790
3 *(DATAY (EXP/NYP) flATAN (MEN/VWYI-) MST02800

907 CONTIMUE M6T02810
RZTURN MB&I02820

END NIwT02830

C MST02850
SURUTN NOT3(,INS1.IE4 )M'02850

C URUIEMR2(MWt~,IKR MPT02860

IMLII REL8(-,-)?ST02870
CIMPLIC/IT /XL#(59) ,POI ) NA20 320 ST02880

COI.910N M/X(ASSI RC-O 9,SO.DI10' 2 PST028900

EOTERN /ASS OINT ,,DRK )4T02910
AMCTRNL I MST02910
RF.R NST02920

DIBl-DI NST02930

CORK-DIRKA0 MST02940
X1-5.0*/M* ?48T02950

X1T-5. )ST02960
HX/DLOT fiT MST029"SO
11(8311 .30. 0.0) MA-4 ST02990
I1(5311 .143. 0.0) MA-3M- MSTO0290

808 DO 908 04-.0)MA3*- MST03000

808 D 9084 MM?45 MT03010

YTO-uO.OD XS-03020

XUO-0.0~ 14ST03030

XL=O .0 MST03040
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C IMST03060
C COMPUTE FIRST~ INTEGRAL MSTO3070

809 DO 909 I-,tI~ MST10309 C

XU-XU+H MST0 3100

CALL D0G32 (XL,XU,GIWIT,YR8SUL) MT30

YTOT-'-TUT*Y.RE.SUL MST0 3110

MST03130
9 0 9 L .C O T I U ET 0 3 1 40

AI~oTOT WT03150

C vshETo I1 50

C COMPUTE swoCQND TEGRAL~ MST03170

C MST0317O

S1l.(CO+Bo) 'Xi MSTO319O

32-(BO-Co) 'Xl MST03200

JCALL SZ!7(SAZ,CI.Sl) MST03210

I AIADSZ(S1) ~ . ~MST03220
ICALL SICI(SI,CIrS2) NST03230

&12-AI2K-AI2B 14ST03250

jPHI (W4.)-4.O t (AIl1.0./ ((1.0+rjINK) *CO*2.0) *AZ) W-ST3260

908 CONTIWU3 49T3270

I I PETUP~ 
?4T03230

EN )4ST03290

I FUNCTION GINT(U) 14&T03300

IMPLICIT REAL'S (A-,O-Z) '1ST03310I I C~*4N /P~ASS/ R,CO,nODRKz HSP03320

1V- (R-L. 0) 'U J46"03330

Iw1-CO*U HiPT03330

W,2-DCOSH (U) Y-T03350

$5-DS~bH1(U) X&T03363

* W4-DCOS (BO*U) VMS13370

I I IF(R .NR. 0)W %'-W4er.SINH(V) ?1ST033 80

SIF(R .EQ. 0)DRNNV3+DIEK'W2 MC-T03390

IP( E. 0)DMeý-3'DCOSHI(V).DIzLK'w2Dsgu(V) MST03400
GInM-rSnI(Wl) /W1'W31U'W4/DZN MnT03410

I RHTUPN Mn&03420

E& I 'S T03430
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